Background. In the western medical world, computers form part of the standard equipment in the consulting rooms of most GPs. As the use of a computer requires time and attention from GPs, this may well interfere with the communication process. Yet, the information accessed on the computer may also enhance communication.
Introduction
Since the 1980s, when the computer was introduced to the doctor's office in the western world, its use has steadily increased. 1, 2 In 1993, 70% of Dutch GPs had a computer information system, but only 10-15% used electronic medical records (EMR). 3 By 1999, >90% had a computer in the consulting room, of whom 80% used EMR. 4 Corresponding rates of computer use were found in Denmark, Sweden, Great Britain and Canada. 5, 6 During consultations, doctors have to integrate the use of a computer into the communication process. Several international studies show that computer use affects the communication between GPs and patients. [7] [8] [9] [10] [11] [12] It is conceivable that the more time GPs spend with the computer, the less time there is to interact with the patient. Two studies indicate that computer use results in more doctor-centred and less patient-centred consultations; GPs communicate less and respond less to the patient. 7, 8 In addition, computer use appears to be related to a loss of eye contact, less psychosocial exchange and longer visits. 9 Reduced non-verbal communication, such as eye contact, may in turn negatively influence patient's satisfaction and the doctor-patient relationship. 13 Chan et al., 10 however, did find a positive relationship between GPs' computer use and patient satisfaction. Almost all patients were happy that their records were stored on the computer and were satisfied with the way the GP used the computer during consultations. Besides, doctors seem to adapt their computer use to the type of consultation. They reduce computer time in consultations with a psychological content. 11 Overall, most patients and doctors have a positive attitude towards the computer and recognize it as an efficient tool. 2, 7 Apparently, the computer can both enhance and interfere with GP-patient communication.
Previous research has focused on observed behaviour of GPs or the experiences of patients with their GP's computer use and communication skills. In our study, we combine observed behaviour of both GPs and patients and the experiences of patients with the communication behaviour of GPs to provide more insight into the effect of computer use in the consulting room. The aim of the present study was to find out how GPs use their computer during consultations and how computer use affects doctor-patient communication since good communication can be associated with positive outcomes of care.
14,15 Moreover, we were interested in changes over time, comparing computer use of the same GPs over two periods.
We hypothesize that computer use by GPs has decreased over time. We expect that use has become more standardized and better integrated with the communication process since GPs are more accustomed to using their computer in 2008 compared to 2001. In keeping with previous studies, computer use was expected to negatively affect the following aspects of GP-patient communication in particular: the expression of patient concerns and GP empathy and the amount of information giving and question asking by both.
This article addresses the following research questions:
1. How do GPs use their computer during primary care consultations and has the type of computer use changed over time? 2. Is computer use by GPs related to GP-patient communication during medical consultations? 3. Is computer use by GPs related to patients' experiences with communication aspects of GPs?
Method
To identify computer use by GPs in primary care, we used real-life videotaped GP-patient consultations of the same GPs over two periods of time. Video recording is an optimal method for observing GP-patient communication; the influence of the video recorder on the participants' behaviour is marginal. 16 We also analysed questionnaires completed by patients about their experiences with communication aspects of GPs. This enabled us to compare communication and patient evaluations, given varying degrees of computer use. 
Recruitment

Data collection
For one or two random days, an unmanned camera was installed in the consulting room of the GP concerned. All patients who had an appointment with the GP were approached by a researcher in the waiting room, who requested (written) informed consent and handed out questionnaires. 
Observations
Videotaped consultations were reviewed by several observers, using an observation list. For each consultation, observers described when and how the GP used the computer. Besides 'no computer use', seven categories of computer use were defined (Yes/No).
The computer may be used:
a. to search for or read something (e.g. during history taking) b. to prescribe medication or refer a patient c. while the patient is changing clothes (for physical examination) d. while the GP is talking e. while the patient is talking f. while the patient waits silently g. for other purposes (e.g. to make an appointment).
During a consultation, one or more categories of computer use may be applied. In addition, several non-verbal measures of the GP were observed on a three-point scale: (i) the amount of 'nodding' and (ii) 'smiling' was observed, ranging from infrequent to very frequent and (iii) the 'body posture of the GP towards the patient' was described, ranging from closed to open. Furthermore, (iv) we calculated the percentage of patient-directed gaze, by dividing the proportion of time a GP looks at the patient by the consulting period (minus the duration of the physical examination). The Roter interaction analysis system (RIAS) was used to code verbal communication behaviour; each utterance (word or sentence) by the GP and patient was coded from a list of 40 codes. 19 We selected (and clustered) the following categories: the number of questions asked by patients and GPs, the amount of information given by patients and GPs, the number of concerns or worries patients show and the amount of verbal attention (empathy and partnership) GPs show towards patients. Interrater reliability Six observers were trained to observe the behaviour of GPs and patients during consultations in 2008. To compute reliability, 70 of the same consultations were reviewed by different observers. We calculated the interrater reliability between (two) observers with Cohen's kappa and the interrater reliability for the RIAS categories (between four observers) with Pearson's R (Table 1) .
For all the categories of computer use, kappa shows a substantial or almost perfect interrater reliability. The observed non-verbal behaviours (body posture, nodding and smiling) show moderate interrater reliability. The interrater reliability is also high for the observed verbal behaviour and patient-directed gaze but low for the concerns or worries expressed by patients and the empathy GPs showed towards the patient (see Table 1 ).
Statistical analyses
First, we compared categories of computer use between 2001 and 2008, using T-tests. Second, to take into account the variation in communication skills between GPs, multilevel models with random intercepts (multilevel linear regression and multilevel Poisson regression) were used, consisting of patients (Level 1) nested within GPs (Level 2). The categories of computer use (0 = no use and 1 = use) and year (0 = 2001 and 1 = 2008) were coded as dummy variables. We designated 'no use' (for example, the GP did not use the computer to search for or read something) and the year '2001' as reference groups. P levels of <0.01 were considered significant because of the large number of tests. We performed analyses using Stata version 10. Tables 2 and 3 describe the characteristics of the participated patients (n = 1170) and GPs (n = 35). Neither Family Practice-an international journal patients' gender nor age differed between the two studies. Communication aspects in relation to computer use by GPs Non-verbal communication aspects. When GPs use a computer, this is related to a loss of eye contact with the patient (Table 5 ). Computer use and GP's body posture towards the patient, as well as the amount of nodding by the GP are also somehow related. Although there is a negative association between a GP's computer use and open body posture, this is only significant when the GP was talking. Besides, GPs 'nodded' less when they used the computer, but only while the patient was waiting silently. The degree of smiling by a GP is not related to computer use. On the whole, GPs in 2008 had a significantly higher level of patient-directed gaze, a more open patientdirected body posture and they nodded and smiled more than in 2001.
Results
Characteristics of GPs and patients
1 Interrater reliability, Cohen's kappa and Pearson's correlation Kappa a Computer use No computer use 1.00 To search for or read something 0.80 To prescribe or refer a patient 0.95 While the patient is changing clothes (for physical examination) 0.93 When the GP is talking 0.61 When the patient is talking 0.75 While the patient waits silently 0.93 Non-verbal measures Body posture of the GP 0.49 GP nodding 0.43 GP smiling 0.51 Patient-directed gaze 0.80 b Pearson's correlation c 2001 2008 Verbal measures Questions asked by patients 0.77 0.90 Information given by patients 0.86 0.84 Patient concerns/worries -0.25 Questions asked by GPs 0.90 0.80 Information given by GPs 0.90 0.79 GP empathy -0.
Computer use by GPs during consultations
Verbal communication aspects of patients.
Computer use by GPs does not appear to be related to the number of questions asked by patients or the number of concerns or worries a patient shows (Table 6 ). Overall, the correlation between computer use and amount of information given by patients is negative. Computer use is negatively associated with the amount of information given by patients while waiting silently. However, computer use is positively related to the amount of information patients give to their GPs while the GP is talking. In 2008, patients gave significantly less information to their GPs during consultations compared to 2001.
Verbal communication aspects of GPs.
Computer use by GPs is not related to the number of questions asked by GPs or the amount of verbal attention (empathy and partnership) GPs show (Table 7) . On the other hand, GPs give less information to patients when they use a computer while the patient is talking. In 2008, GPs gave significantly less information and showed less empathic behaviour towards their patients than they did in 2001.
Experiences of patients with the communication aspects of GPs
Computer use by the GP is not related to his or her affective behaviour, as experienced by patients (see Table 8 ). Furthermore, according to patients, the amount of instrumental behaviour of GPs did not significantly change in relation to their computer use. Only when the patient is waiting silently during the GP's computer use, is this associated with more instrumental behaviour of the GP according to patients. Relationships between GPs' computer use and communication aspects of GPs and patients do not differ between 2001 and 2008 (results of interaction analyses not shown).
Conclusions and discussion
To our knowledge, this study is the first to offer insight into computer use by the same GPs comparing two time periods. Our results show that both in 2001 and On the other hand, computer use can still affect communication. Our study demonstrates that the use of consulting room computers is associated with aspects of GP-patient communication, by negatively changing the proportion of time a GP looks at a patient and the amount of information given by GPs during consultations. There is also a negative link between a GP's computer use and his or her body posture towards the patient and the amount of information given by patients. These results were found both in 2001 and in 2008, and are consistent with previous research, showing that the use of a computer affects the degree of eye contact by the GP and time spent interacting with the patient. 9, 12 In contrast, our study shows that computer use is not associated (or only to a very small extent) with other (analysed) non-verbal and verbal behaviour of GPs, like smiling or the number of questions asked by patients and GPs. It is possible that both patients and GPs have become familiar with computer use during consultations and ask the same number of questions whether a computer is in use or not.
In addition, computer use is scarcely related to patients' experiences with the communication behaviour of the GP. Only when the patient is waiting silently during a GP's computer use, is this associated with more instrumental behaviour of the GP according to patients. Apparently, patients perceive the computer predominantly as an instrumental tool and do not associate it with less affective behaviour of the GP.
As mentioned before, the amount of information given by GPs and patients is negatively associated with computer use in 2001 and 2008. But we also found that the computer was used in fewer consultations in 2008, and both GPs and patients gave less information in 2008 compared to 2001. The decrease in computer use during consultations does not seem to have resulted in an increase in the exchange of information.
We imagine that certain types of computer use can be more negative for GP-patient communication than others. While the patient is changing clothes (for physical examination), and at the same time the GP uses the computer, we interpret this as having (in general) no negative effect on communication. But when the computer is used while the GP or patient is talking, this can have a more negative effect. GPs should be more discerning about their style of computer use.
An important strength of our study is that we were able to compare consultations of the same GPs over two time periods. Some limitations should also be noted. First, our study was chiefly based on a number of communication aspects of GPs and patients. Taking account of the opinions of patients on computer use by GPs was beyond the scope of the study. However, previous research indicates that patients have no problem with the use of a computer during consultations. 10 ,22 Second, we should mention that the data on the number of concerns patients expressed and the amount of empathy GPs showed were not reliable and therefore the relationship found between computer 
